Abstract. The purpose of this study was to explore the functional role and mechanism of miR-155 in the development of renal cell carcinoma (RCC). miR-155 expression was quantified in renal cancers, matched adjacent non-tumor tissues and renal cell lines using quantitative real-time PCR (RT-PCR). Cell proliferation, apoptosis and migratory activity were measured following suppression of miR-155 expression by antisense oligonucleotides. miR-155 targets were scanned using target prediction programs. Following the inhibition of miR-155, target gene expression was detected by western blotting. The expression of miR-155 was upregulated in clear cell RCC (ccRCC) tissue and renal cancer cell lines. The suppression of miR-155 inhibited cell proliferation and migratory activity and induced apoptosis in renal cancer cells. The suppressor gene suppressor of cytokine signaling (SOCS-1) and BACH1 were predicted as potential target genes by bioinformatics analysis. The suppression of miR-155 inhibited BACH1 protein expression. miR-155 may function as an oncogene by targeting BACH1. Thus, the inhibition of miR-155 may be an effective way to treat RCC.
Introduction
Renal cell carcinoma (RCC) accounts for 2-3% of all malignant diseases in adults and is the seventh most common cancer in males and the ninth most common cancer in females (1) . In the US, 58,240 new cases and 13,040 mortalities are estimated to have occurred in 2010 (2) . However, treatments for renal cancer, particularly for metastatic tumors, remain unsatisfactory. The prognosis of patients with advanced metastatic RCC is poor. Less than 10% of the patients are reported to have approximately 5-year survival rates (3) . Therefore, it is necessary to develop more effective therapy for renal cancers. microRNAs (miRNAs) are approximately 22-nucleotide noncoding RNAs that function as negative regulators of gene expression. They may repress translation or induce mRNA cleavage by binding to the 3' untranslated region (UTR) of target mRNA (4) . Between 74 and 92% of known human genes are estimated to be under the control of miRNAs (5) . In recent years, increasing evidence implicates the involvement of miRNAs in carcinogenesis. Deregulated expression of miRNAs has been shown in various types of human malignancies, some of which function as tumor-suppressor genes or oncogenes (6) (7) (8) . Previous miRNA profiling studies revealed that the level of miRNA-155 (miR-155) is upregulated in various types of human malignancy, including different forms of lymphoma and carcinomas of the nasopharynx, breast and colon (9) (10) (11) (12) (13) . Functional analysis of miR-155 indicates that it functions as an oncogenic miRNA in several types of cancer. Ectopic expression of miR-155 was shown to promote proliferation and facilitate invasion and migration of breast cancer cells (9, 14) . Overexpression of miR-155 was also found to promote development of lymphoma and hepatocellular carcinoma (12, 15) . Furthermore, elevated expression of miR-155 was associated with poor prognosis of nasopharyngeal and colorectal cancer patients (10, 13) . On the other hand, the miR-155 level was also shown to be downregulated in melanoma cells, possibly playing a tumor-suppressor role (16) . Several studies have demonstrated the upregulation of miR-155 levels in renal cancers (17) (18) (19) . However, the function of miR-155 in renal cancers has not been reported.
In this study, we examined the expression of miR-155 in clear cell RCC (ccRCC) using RT-PCR, and investigated cell proliferation, apoptosis and migration following miR-155 knockdown in renal cancer cells. Furthermore, we explored the mechanism of miR-155 involvement in the development of renal cancer by identifying possible target genes. Our study may present an attractive, novel target for further studies of the therapeutics of renal cancer.
Materials and methods
Tissue samples and cell lines. RCC samples and normal adjacent tissue samples were obtained from 16 patients with a mean age of 61.5 years (50-75 years). All samples were frozen in liquid nitrogen immediately after tumors were resected. Prior written and informed consent was obtained from every patient, and the study was approved by the Ethics Review Board of Second Xiangya Hospital, Central South University.
microRNA-155 silencing inhibits proliferation and migration and induces apoptosis by upregulating BACH1 in renal cancer cells
Human RCC cell lines ACHN and KC and the normal renal tubule epithelium cell line HK2 were purchased from the Cell Bank of Xiangya Medical College, Central South University. The ACHN, KC and HK2 cells were cultured in DMEM medium (Gibco, Invitrogen, Carlsbad, CA, USA) complemented with 10% fetal bovine serum (Gibco). All cell lines were cultured in a humidified incubator (5% CO 2 ) at 37˚C.
Cell transfections. ACHN cells were transfected with antisense-miR-155 oligonucleotide (As-miR-155), a negative control (miR-CON) (Shanghai GenePharma Co, Ltd. China) or an empty vector (blank) using Lipofectamine 2000™ (Invitrogen) following 24 h of cell seeding. Briefly, Lipofectamine 2000 was mixed with the Opti-MEMI medium (Gibco) and incubated for 5 min. Meanwhile, As-miR-155 or miR-CON was diluted in Opti-MEMI medium. Then, the diluted As-miR-155 or miR-CON and Lipofectamine 2000 were mixed and incubated for 20 min at room temperature. The resultant mixture was added to each well. At 48 h after transfection, the cells were harvested. Experiments were performed in triplicate.
MTT (3-(4,5-dimethylthiazol-2-yl )-2,5-diphenyl tetrazolium bromide) assays. Cell viability was determined by using the MTT method. Briefly, 1x10 4 ACHN cells were seeded onto 96-well plates. Cells were incubated for 24 h in 37˚C in a 5% CO 2 tissue culture incubator. MTT reagent (50 µl; 5 mg/ml) was added to each well and cells were incubated for 4 h. Then the formazan precipitate was dissolved in 150 µl DMSO and the absorbance rate was measured in a microplate reader at a wavelength of 570 nm. All experiments were repeated in triplicate.
Cytofluorometric apoptosis assay. Cells were collected and transferred to 60-mm dishes. The cell apoptosis ratio was analyzed 48 h post-transfection using the Annexin V-FITC Apoptosis Detection kit (BD Biosciences, San Diego, CA), according to the manufacturer's instructions. Annexin V-FITC and propidium iodide double staining was used to evaluate the number of apoptotic cells. Annexin V-positive and propidium iodide-negative cells were designated as apoptotic cells. The tests were performed in triplicate.
Cell migration assay. The invasive potential of cells was measured in 6-well Matrigel-coated invasion chambers (Corning Life Science, Acton, MA). ACHN cells transfected with As-miR-155 or miR-CON were harvested and re-suspended in serum-free DMEM medium. Then aliquots (1x10 5 cells) of the prepared cell suspension were added into the upper chamber and the lower chamber was filled with 1 ml of DMEM containing fetal bovine serum. Cells were fixed with ice-cold methanol and stained with toluidine blue after they were incubated for 48 h. Cells on the upper side of the membrane were removed by using a cotton swab. Then the invasive cells were counted by a light microscope at x1000 magnification. All experiments were repeated in triplicate.
Quantitative real-time PCR. Total RNAs were extracted from the fresh tissues or cells with TRIzol reagent (Invitrogen). Real-time PCR assays were performed using an miRNeasy Mini kit (Qiagen, USA) and miRNA Q-PCR Detection kit (GeneCopoeia, USA). Quantitative PCR was performed on a 7500 Fast Real-time PCR System (Applied Biosystems). PCR was performed using an initial step of denaturation at 95˚C for 5 min, 40 cycles of amplification, denaturation at 95˚C for 10 sec, annealing at 60˚C for 30 sec, elongation at 72˚C for 10 sec. All reactions were performed in a 20-µl volume in triplicate. The oligonucleotide primers were as follows: has-miR-155 forward (5'-TAATGCTAA TCGTGATAGGG-3') and has-miR-155 reverse (5'-TTTGGCACTAGCACATT-3'); U6RNA forward (5'-CTCGCTTCGGCAGCACA-3') and U6RNA reverse (5'-AACGCTTCACGAATTTGCGT-3'). The miRNA expression was determined using the 2 -ΔCt method (20) .
Western blotting. ACHN cells were harvested 42 h following transfection of As-miR-155 or miR-CON using the RIPA buffer (ProMab Biotechnology, USA). Equal amounts of the denatured protein sample were separated by SDS-PAGE and were then transferred to polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA). The membranes were probed with antibodies against BACH1 (1:400 dilution, cat# sc-14700, Santa Cruz Biotechnology, Santa Cruz, CA, USA), SOCS-1 (1:400 dilution cat# sc-9021, Santa Cruz) or GAPDH (1:1,000 dilution, Mab-2005079, ProMab). GAPDH was used as a loading control. The membrane was incubated with 
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horseradish peroxidase-conjugated secondary antibodies (cat# sc-2030 Santa Cruz), and visualized by an enhanced chemiluminescence detection kit (Pierce, Thermo Scientific, USA) and exposed to film.
Statistical analyses.
The results were provided as the mean ± SD and analyzed using SPSS 17.0 software. Statistical analysis was performed using an independent samples t-test and one-way AVOVA. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression level of miR-155 is upregulated in renal cancer
tissues. To identify miR-155 expression in clinical samples, we performed RT-PCR and found that miR-155 expression in renal cancer tissues (n=16) was significantly higher than that in adjacent normal tissues (Fig. 1A) . We further investigated whether miR-155 expression in clinical tissues correlates with pathological stages and Fuhrman grades. Higher expression of miR-155 was observed in cases with higher stages (II+III) in comparison to cases in stage I (Fig. 1B) . However, no statistically significant correlation was observed between expression of miR-155 and Fuhrman grades (data not shown).
To choose an appropriate renal cancer cell model for in vitro study, we also determined the expression level of miR-155 in primary RCC cell lines (ACHN and KC) and a normal renal cell line (HK2). The expression levels of miR-155 in the RCC cell lines were upregulated when compared to that in the normal renal cell line and the expression level of miR-155 in the ACHN was similar to levels in the renal cancer tissues (Fig. 1C) .
Downregulation of miR-155 expression suppresses proliferation and migration of renal cancer cells.
To analyze the function of miR-155 in RCC cell lines, we knocked down the expression of miR-155 in a primary RCC cell line (ACHN) by transfection with As-miR-155. As shown in Fig. 2A , RT-PCR results indicated that miR-155 expression was significantly inhibited. The MTT assay was performed to determine the viability of ACHN cells. A significant decrease in cell viability was observed at 24 and 48 h following As-miR-155 transfection (Fig. 2B) , compared to cells transfected with miR-CON. To ascertain whether suppression of miR-155 affects invasion and metastasis of renal cancer cells, a Trans-well migration assay was performed. The number of migrating cells in the miR-155 knockdown group was 14.74±1.06, which was significantly decreased compared with the control (blank-or 
Suppression of miR-155 expression induces apoptosis of renal cancer cells.
To detect the effect of miR-155 inhibition on apoptosis of renal cancer cells, a cytofluorometric apoptosis assay was performed. At 48 h post-transfection, we determined apoptosis in ACHN cells transfected with controls (blank-or miR-CON-transfected) and As-miR-155 by flow cytometric analysis of Annexin-V-FITC-PI-stained cells (Fig. 3A) . It was found that the average apoptotic cell fractions were significantly increased upon the inhibition of miR-155 expression compared with the miR-CON-or blank-transfected cells (Fig. 3B) .
BACH1 may be a target gene of miR-155.
Three target scan algorithms (miRanda, PicTar and Targetscan) were used to predict targets of miR-155. Two putative target genes, BACH1 and SOCS-1, which are involved in oncogenesis (9,21) were selected for further investigation. To determine whether BACH1 and SOCS-1 are targets of miR-155, ACHN cells were transfected with miR-CON or As-miR-155. Western blot analyses were performed at 48 h post-transfection. The western blotting results indicated that BACH1 levels in ACHN cells transfected with As-miR-155 were significantly increased when compared with that in cells transfected with miR-CON (Fig. 4) . However, the levels of SOCS-1 in ACHN cells transfected with As-miR-155 were not significantly affected when compared with that in the cells transfected with miR-CON (Fig. 4) . These results suggest that BACH1 may be a target gene of miR-155.
Discussion
miR-155 is an miRNA involved in various biological processes including haematopoiesis, inflammation and immunity (10) . Recent studies have demonstrated that miR-155 is one of the most prominent miRNAs implicated in the genesis and progression of human cancer. In our study, we determined the upregulation of miR-155 expression in renal cancer tissues. Moreover, it was found that the suppression of miR-155 expression induced apoptosis and inhibited proliferation and migration in renal cancer cells. This is the first report to reveal that miR-155 may function as an oncogenic miRNA in renal cancers, although some evidence has demonstrated that miR-155 is upregulated and acts as an oncogene in several types of human cancer, such as breast, colon cancer and lymphoma (9, 11, 22) . In addition, miR-155 was also reported to be downregulated and to function as a tumor suppressor in melanoma cell lines (16) . Similar evidence was also found for miR-126. miR-126 in lung cancer cells acts as an inhibitor of motility only, without any effects on proliferation (23) , whereas in breast cancers, miR-126 is an inhibitor of cell proliferation (24) . Taken together, the roles of miRNA in cancers are indicated to be tissue-and tumor-specific. The identification of the oncogenic role of miR-155 in renal cancer is necessary, and inhibition of miR-155 may serve as a new anti-miRNA therapeutic in renal cancers. Two anti-miR-122 oligonucleotides have been proven to be specific, stable and non-toxic in two primate studies (25, 26) . Although the prospect of miRNA-based therapy is interesting, there have not been enough studies on the mechanisms of the function of miR-155 in renal cancers. BACH1 and SOCS-1 are potential targets of miR-155 predicted by all three target scan algorithms: miRanda, PicTar and Targetscan. In our study, BACH1 was identified to be a target of miR-155 in renal cancer by western blotting, since its protein expression level increased significantly following inhibition of miR-155 in ACHN cells.
BACH1 belongs to a member of the basic leucine zipper transcription factor family and is a key player in the regulation of oxidative stress (27) . Recent studies show that BACH1 is a broadly expressed transcriptional repressor, which negatively regulates genes involved in cell cycle progression, apoptosis, and the hypoxia response (21) . An important one of these genes is heme-oxygenase-1 (HO-1), which may be important in induction of the tumorigenic pathway (21, 28) . The expression of HO-1 is significantly upregulated in various types of cancer and overexpressed HO-1 is found to promote tumor growth and metastasis and inhibit the apoptosis of tumor cells (29, 30) . Furthermore, BACH1 is identified to suppress growth and survival of acute myeloid leukemia (AML) cells by downregulation of HO-1 expression and may enhance A B the cytotoxic effects of certain anti-cancer drugs in AML cells (31) . Although the mechanisms by which BACH1 plays a role in renal cancer development have not been defined, there is a study showing that BACH1 functions as a repressor of HO-1 in human cells. Moreover, it is reported that the expression of HO-1 is upregulated in human renal cancer tissues following activation of the Ras-ERK-Nrf2 pathway and the overexpression of HO-1 inhibits apoptosis of renal cancer cells (32) . These data combined with our findings indicate that BACH1 may function as a tumor suppressor by downregulating HO-1, which plays a key role in the Ras-ERK-Nrf2 pathway in renal cancer.
Our results suggest that miR-155 may play an oncogenic role by inhibiting the expression of BACH1 in renal cancers. However, BACH1 is not necessarily the only target that mediates function of miR-155 in renal cancers. Several targets of miR-155 have been identified to be regulated by miR-155 in certain types of cancer (11, 33, 34) . For example, Forkhead boxO3A (FOXO3a) and SOCS-1 were identified as targets of miR-155 in breast cancer (9, 33) . Inositol polyphosphate-5-phosphatase (SHIP1) and SMAD family member 5 (SMAD5) are targets of miR-155 in lymphomas (11, 34) . Hypoxia-inducible factor-1a (HIF-1a) is one of the putative miR-155 targets identified by using both PicTar and miRanda algorithms. HIF-1a encodes a subunit of HIF-1 and regulates many hypoxia-inducible genes that are involved in cell proliferation, angiogenesis and iron metabolism (35) . Moreover, factors inhibiting HIF-1 promote renal cancer cell survival by protecting cells from HIF-1-mediated apoptosis (36) . In our study, SOCS-1 was found not to be a target of miR-155 in renal cancer cells. However, SOCS-1 has been identified to be a target of miR-155 in breast cancer cells (9) . These findings suggest that miRNA targeting is cell type-specific, which was also previously reported by other investigators (37, 38) . More studies related to targets of miR-155 in renal cancers will be helpful for elucidating the mechanisms of miR-155 functioning in renal cancers. In conclusion, miR-155 may play an oncogenic role in renal cancers by targeting BACH1, which functions as a tumor suppressor. Therapy targeting miR-155 inhibition may be an effective method for the treatment of renal cancers.
